A dult body mass index (BMI) in Canada and in other developed nations has increased dramatically over the last three decades, and obesity is now considered an epidemic. 1 BMI is defined as weight (kg) divided by height 2 (m 2 ), and obesity is defined as a BMI of 30 or higher. It is argued by some that obesity can be attributed to modern built environment features that promote unhealthy eating and sedentary lifestyle.
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BMI is defined as weight (kg) divided by height 2 (m   2   ) , and obesity is defined as a BMI of 30 or higher. It is argued by some that obesity can be attributed to modern built environment features that promote unhealthy eating and sedentary lifestyle. 2 One aspect of the built environment is the exposure to fast-food restaurants seen in many neighbourhoods. Fast-food meals are characterized by large portion sizes, high levels of saturated fat and high caloric density. 3 Thus, frequent fast-food consumption is a risk factor for obesity. 4 Exposure to a fast-food environment is typically measured by the density of fast-food outlets in a defined local neighbourhood or the distance to the nearest fast-food outlet. It is hypothesized that higher densities of neighbourhood-level fast-food outlets contribute to an increased prevalence of obesity. One mechanism by which this hypothesis is argued is the existence of food deserts, whereby residents of socio-economically disadvantaged neighbourhoods tend to have poor access to healthy food vendors (i.e., supermarkets, grocery stores, fruit and vegetable markets). 5 In the United States and internationally, a number of studies have found a positive association between the proximity or density of fast-food restaurants and differences in BMI or risk of obesity; [6] [7] [8] [9] some studies have found a negative association, 10 and others have found no association. [11] [12] [13] [14] In the Canadian context, there is very little evidence on this topic. Two ecological studies have shown an association between area-level fast-food density and obesity in Canada . 15, 16 Only two Canadian studies have analyzed individual-level data, but each focused only on children in a single urban centre (Edmonton, AB; London, ON). 17, 18 Both studies found modest associations between fastfood density and childhood obesity. This study aims to address the gap in the Canadian literature and contribute to the evolving international literature on this topic. Specifically, we examine the influence of the local food environment (neighbourhood-level fast-food and full-service restaurant densities) on BMI for the first time, using individual-level nationally representative survey data from Canada.
METHODS

Data and variables
The data for this study came from the Canadian Community Health Survey (CCHS) conducted by Statistics Canada. The CCHS is designed to collect information related to health status, health care utilization and health determinants from a nationally representative sample of the Canadian general population. Details on survey methodology can be found elsewhere. 19 The CCHS 2007-08 confidential master file (n=131,959) was used to obtain individual BMI (weight [kg]/height 2 [m 2 ]), lifestyle and socio-demographic factors. The CCHS master file was accessed through Statistics Canada's Research and Data Centre, which allowed access to respondents' postal codes and unsuppressed data for variables such as income and age.
Adults (aged 18 to 65) who resided in one of Canada's 10 provinces were included in our analyses (n=89,733). Residents of the three territories of Canada were excluded because of their distinct demographic and geographic features. Respondents who were pregnant or did not report height or weight (n=4,321), had extreme BMI values (<10 or >70) (n=26), or were still breastfeeding (n=1,045) were excluded, which left 84,341 eligible respondents for analysis. For self-reported surveys, it has been suggested that individuals systematically under-report weight and over-report height, which can lead to biased BMI estimates. 20 Therefore, a validated error correction factor, 20 developed using previous CCHS survey data, was applied as follows: male BMI corrected = -1.08 + 1.08 (BMI self-report ); female BMI corrected = -0.12 + 1.05 (BMI self-report ).
Various lifestyle characteristics (smoking, alcohol use, physical activity, fruit and vegetable consumption, sedentary activity), socio-economic status (immigration, race, labour market, income, education, food security) and demographic characteristics (sex, marital status, having children, urban region and province) were identified as confounding variables. These variables were available in the CCHS and considered as confounders because they were associated with either access to or consumption of fast food and BMI in the literature. These variables, shown in Table 1 , were controlled for in the regression analyses so that the independent effects of the primary exposures could be teased out. Neighbourhood-level factors were also shown to confound the relationship in question. 21 Therefore, neighbourhood-level sociodemographic characteristics (transportation to work, marriage, income and education) at the level of the census dissemination area (DA) were controlled. DAs are the smallest geographical unit, consisting of 400 to 700 people, for which data are available in Canada. 22 The names and geographic locations of all restaurants (standard industry classification code: 5812-08) were purchased from the infoCanada ® business database. This information was geocoded and linked with the CCHS data. The details of the process have been published elsewhere. 15 Fast-food (or limited service) chain restaurants were defined as those food establishments (including general coffee outlets) that provide services to customers on the basis of food being ordered and paid for before it is eaten or taken out. Full-service restaurants were defined as those establishments that provide food services on the basis of patrons being served food and paying after their meal (i.e., servers are available). This classification system had been used previously. 15 The names provided in the infoCanada business database were cross-referenced with business names published in the 2008 Canadian Restaurant Directory. 23 There were 19,524 fast-food restaurants in our database vs. 21,418 reported in the 2008 Directory and 3,894 full-service restaurants in our database vs. 3,823 in the Directory. We identified 4,534 records classified as independent pizza outlets, which were included in our fast-food restaurant category. All other non-chain restaurants were classified as other (n=41,972). These non-chain restaurants were independently owned and very specific to the local community. For example, many ethnic restaurants belonged to this category. It was impossible to classify these restaurants into fast-food or full-service with any verifiable source or directory. For each restaurant category (fast-food, full-service and non-chain restaurants), the number of outlets per forward sortation area (FSA) was divided by the corresponding FSA population (per 10,000) based on the 2006 Census to construct our restaurant density variables. FSAs are geographical areas that consist of the first three digits of Canadian postal codes.
Statistical analysis
The association between BMI and the density of fast-food and full-service restaurants was analyzed using ordinary least squares regression (OLS) with and without control for confounding variables. Sampling weights were applied to all descriptive and regression analyses. Robust standard errors were used to account for unknown forms of heteroskedasticity in the data, which were clustered at the FSA level. Stratified analyses were performed by sex and two levels of geographic classification: census metropolitan areas (CMA) and non-CMA. A CMA consists of neighbouring municipalities and has a total population of at least 100,000 (in which 50,000 or more live in the urban core). 22 Stratified analysis by CMA and non-CMA is relevant for two reasons. First, the eating behaviour of individuals living in urban jurisdictions is expected to be different from that of rural or semiurban residents because of differential time constraints they face. Second, our restaurant measures are more meaningful in urban areas than rural areas. Exclusion of missing values of all variables resulted in a final sample size of 72,660. The software STATA 12 © was used for all analyses.
RESULTS
A total of 1,558 relevant FSAs across Canada had on average 7 fast-food, 1 full-service and 13 other non-chain restaurants per 10,000 individuals. The mean (standard deviation [SD]) age of respondents was 42.2 (13.2) years. The mean (SD) BMI of the sample was 26.97 (5.34), males and residents in non-CMAs having statistically higher BMI (p<0.001 for both) than their female and CMA counterparts. The weighted proportion of males and females was about equal. Roughly 80% identified themselves as White and Canadian citizens, and over three quarters were employed. Forty-seven percent of the respondents reported being physically inactive, and the majority were married and had postsecondary education (Table 1 ).
In both model 1 (bivariate) and model 2 (adjusted) OLS regression analyses, fast-food density was statistically significant in the positive direction, and full-service and other non-chain restaurant density was statistically significant in the negative direction with respect to BMI ( Table 2) . After the confounding effects of lifestyle, socio-demographic and neighbourhood factors had been controlled for, the estimated coefficients of restaurant density variables were lower ( Table 2 ). The adjusted estimated regression coefficient for fast-food density was 0.031 (95% confidence interval [CI]: 0.017 to 0.045). This finding suggests that for an average individual 1.76 metres tall (5' 10") weighing 72.5 kg (160 lb), an increase of 10 fast-food restaurants (per 10,000 population) is associated with a positive weight difference of 1 kg (weight difference [kg]=β*density*m 2 ). The negative association found between full-service restaurants and BMI (β= -0.06 [95% CI: -0.11 to -0.013]) shows that an increase of 10 full-service restaurants per 10,000 population is associated with a negative weight difference of 1.9 kg for the same average person.
In model 3 (stratified by sex), the estimated coefficients for fast-food and other restaurant density for males and females were similar to the overall results. Full-service restaurant density was not significant for women or men (Table 3) . Model 4 (CMA/non-CMA) (Table 3) shows that the magnitude of the association between fast-food availability and BMI exists only in urban areas. The interaction between sex and urbanicity is presented in model 5, in which we found the strongest association between the food service environment and BMI (Table 4) . For males, the estimated coefficient of fast-food density did not differ substantially when further stratified by CMA (β=0.032; 95% CI: 0.001 to 0.063), but the estimated coefficients of full-service restaurant density were amplified (β= -0.1 (-0.19 to -0.0018). For men, an increase of 10 full-service restaurants (per 10,000 population) was associated with a decrease in BMI by one point. density and BMI was stronger in women residing in a CMA compared with the overall and sex-only stratification. The estimated regression coefficient of 0.041 (95% CI: 0.01 to 0.072) can be interpreted as a positive weight difference of 1.14 kg for a woman 58 kg (128 lb) in weight and 1.67 m (5' 6") in height with an additional 10 fast-food outlets (per 10,000 population) in an FSA. Full-service density was not statistically significant for women in the interaction model. As far as the direction of the association for the other covariates is concerned, the results were in the expected direction. For example, on average BMI increased with age (p<0.001) and was higher for those who were married (p<0.01) and those who had no education (p<0.001). Recent immigrants and visible minorities had lower BMI, but mean BMI increased with duration of time since immigration. Several confounders were more important in stratified analyses. For example, income adequacy was not statistically significant in the full sample, as shown in the Appendix. However, when stratified by sex, income became significant and in the opposite directions for males and females (high vs. low income: β=0.56, p<0.001, for males; β= -0.82, p<0.001, for females). This suggests that for males, a high income is associated with a 0.56 points higher BMI on average compared with low-income male counterparts, whereas for women, a high income is associated with an average BMI that is 0.82 points lower than that of low-income females. Similarly, men who were married had a higher BMI than those who were single, but the effect of marriage was not significant in females (married vs. single: β=0.63, p<0.01, for males; β= -0.2, p>0.05, for females).
DISCUSSION
This study found that adult BMI was higher in areas in Canada that had a greater density of fast-food restaurants. An inverse association was seen with full-service restaurant density. The findings were robust even after the influence of individual-level lifestyle, socio-economic and demographic factors, as well as neighbourhood-level socio-economic factors, had been controlled for. The observed associations were predominantly found in Canada's CMAs, where the magnitude of associations for men and women differed. For a female of average height (1.67 m), a mean difference of 1.14 kg was estimated between FSAs that differed by 10 fast-food outlets (per 10,000 population). For men living in CMAs, the negative association between full-service restaurant density and BMI was more pronounced. On average, an FSA with 10 additional full-service restaurants corresponded to a negative weight difference of 3 kg (for males 1.76 metres tall).
This study adds to a growing body of literature focusing on the contextual effects of the built environment that promote unhealthy eating and sedentary lifestyle. 2 Exposure to fast-food outlets is argued by some to be a primary contributor in this regard. 15, 24 Ecological studies, in which fast-food restaurant density has been linked to higher obesity rates, have offered evidence supporting the findings shown in this study. 25 In Canada, a recent study demonstrated an association between BMI and fast-food restaurant density using FSA-level data, citing the need for further research using individual-level data. 15 Table 2 .
Bivariate and multivariate association* between BMI and restaurant density, by restaurant service type Table 3 .
Multivariate association* between BMI and restaurant density stratified by sex and urbanicity, by restaurant service type significant positive association between fast-food restaurant density and adult obesity, 6-9 though others have not, [11] [12] [13] [14] and some have actually reported an inverse relationship. 10 Where a significant association was not observed, often the data were beset by a small sample or a potential lack of neighbourhood restaurant data variability. For instance, Simmons et al.
14 studied only 7 towns, and Wang et al. 13 used only 82 neighbourhoods. In this study, over 1,500 FSAs across a large sample of nationally representative adults were used, and the results were not dramatically different after accounting for confounding effects.
This study offered a comprehensive analysis of the local foodservice environment with the inclusion of full-service restaurants and other non-chain restaurants in the analyses. As with Mehta and Chang in the US, 7 we found that the density of full-service restaurants had an inverse association with BMI in Canada. The opposite effects seen between fast-food and full-service restaurants may highlight the importance of consumer demand for convenience in developed nations. Dining at full-service restaurants is often for social or entertainment purposes, and purchasing decisions are not as likely to be made spontaneously, driven by time constraints and convenience. Full-service restaurants also have more restrictive hours than chain fast-food restaurants; in fact, irregular eating patterns, especially at night, are associated with increased obesity risk. 26 Overall, greater fullservice restaurant density may also represent a more advantageous eating environment. One study found that consumers who valued healthy foods were 29% more likely to choose full-service establishments over fast-food outlets. 27 A negative effect was also seen for non-chain restaurant density, though the strength of the association was less than that for fullservice restaurants. The findings suggest that, as a risk factor for obesity, on average non-chain restaurants may have some characteristics similar to those of full-service restaurants rather than of chain fast-food outlets.
Limitations
The cross-sectional study design limits the ability to draw causal inferences from observed associations. A study in which both BMI and area-level restaurant density were tracked longitudinally could be more useful, as the effect of changes in restaurant density on changes in BMI or a measure of obesity could be studied in order to ascertain causal associations. Another potential drawback arises from BMI being derived from selfreported data. Although an error correction factor was applied, point estimates may still be biased in the downward direction as a result of under-reporting of weight. We think this bias might have underestimated the strengths of the associations between restaurant density and BMI in this study. Another limitation of CCHS data is that First Nations people living in a First Nations community are excluded from the sampling frame. With regard to the classification of restaurants, no rigid definition for what constitutes a fast-food restaurant exists in the literature. The drawback of our approach is a certain degree of inevitable misclassification, as a number of independent establishments may offer fast-food services. This may be especially true for independent ethnic restaurants.
Another issue is the decision to use FSA as the relevant neighbourhood-level geographic unit for exposure to the local food-service environment. Other studies have used more exact measures, such as buffer zones of varying areas around individual places of residence. 13, 24 In our case, the use of buffer zones was not possible because the smallest unit of geographic identification available in the CCHS data was postal codes. However, constructing restaurant density variables at a lower level of geographic classification, such as six-digit postal codes or dissemination areas, may not be meaningful since individuals are more likely to consume restaurant foods in the vicinity of their residence and workplace.
Despite the above limitations, this study has a number of strengths. Most important, it was carried out using data from a large nationally representative sample of Canadian adults. Moreover, we had access to reliable geographic data on the locations of all restaurants in Canada, from which we were able to construct area-level restaurant density variables. This study was able to control for a rich set of socio-economic and neighbourhood-level confounding variables.
CONCLUSIONS
This research is the first to investigate the association of fast-food and full-service restaurant density with BMI using individuallevel data from a nationally representative survey from Canada. These findings are important, as fast-food availability is potentially a practical policy lever. For instance, zoning bylaws could be implemented at the municipal level to regulate the number and density of fast-food restaurants, and their proximity to schools and hospitals, or to institute an outright ban in certain areas. 28, 29 Several US cities have begun adopting similar bylaws recently. 28 Epidemiologic evidence is needed to consider and understand the effectiveness of these types of initiatives in Canada.
BMI was the primary outcome examined in this study, but the adverse health effects of fast food on health outcomes may be wide-ranging. Among other health problems, exposure to fastfood restaurants has been associated with mortality and hospital admissions for acute coronary events in Ontario, 30 further highlighting the overarching health risks associated with exposure to fast food.
